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Introduction

Small free living amoebae of the genus Acanthamoeba are well-known

,Jnhabltants of soil and water. The first described species, B

A. castellanii, was more or less discovered accidentally when it was'
observed on an agar plate streaked with a soil- sa.mple that was belng

stud1ed for bacteria and fungl. Very 1arge numbers of the amoebae

‘may be grown in the laboratory on agar plates and in sterile liquid

-culture medium. Although various species of Acanthamoeba have been

known to science for over‘SO years, intensive research on them began

in the 1950's. Jahnes et al (1957) first observed Acanthamoeba in

- cultures of monkéy kidney cells, and Culbertson et al (1959) found that

amoebae from such cultures could kill laboratory animals when inoculated
intranasally. In the mid 1960's it was discovered that several species

of Acanthamoeba were responsible for disease or death in humans and

. domestic or wild animals. Griffin (1978) has published an extensive

review on the role of free-1living amoebae in human and animal disease.

" The genus Acanthamoeba has attracted worldwide attention and cases of ..
-disease have beén repofted from many countries inéluding the United

_States, Russia, Korea, England, Ind1a etc.

Sawyer {1970) dlscovered that A. castellan11 and A. polxghaga woﬁld

grow experlmentally on full strength oceanic seawater and produce cysts -

.which had lost their diagnostic charactgrs. Later, Sawyer (1971)

- described theffirst_marine species, A. griffini in honor of Dr. Joe

Griffin, Armed-Forces Institute of Pathology, who made the original
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isolation from a sediment sample collected in Long Island Souno. The
observation-;hat marine waters were.a new environmental source for
Acanthamoeba then led to discovery that a pathogenic speeies,

A. culbertsoni, was present in sewage sediments of the Atlantic Ocean
-near New York State (Sawyer 33_31, 1977) . Singh & Das (1972) previously
had sﬁowﬁ that several sbecies of Acanthamoeba were present in municipal
‘sewage‘wastes in India. Davis et al (1978) cultured seawater samples from
>the open ocean and reported that Acanthamoeba was one of three genera
which werelobserved most commonly in their study.

- The discoﬁery of both pathogenic and non-pethogeoic species of‘

| Acanthamoeba in the marine~en§ironment suggested that a major study
~should be made.to determine whether or not there is an association
between the presence of sewage wastes in the sea and the presence of .
-potentlally pathogenlc Acanthamoeba. Our report summarlzes the'results

of a comprehensive study on the distribution of Acanthamoeba in sedimehts

' from 1nshore coastal and offshore env1ronments Our choice of study R

-areas w1th dlfferlng characterlstlcs 1nc1uded the St. Martlns R1ver—Isle- g‘:j:l

of nght Bay complex wh1ch represents a shallow fresh— to seawater.
gradlent the New York Blght apex whlch represents a nearshore marine
:_;habltat which recelves both municipal and barged sewage, and the
Phlladelphla-Camden sewage dlsposal site which represents an offshore

1mpacted env1xonment w1th sewage ~-free ad301n1ng waters. Thevpresent

report provides the first extensive account of the distribution of
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Acanthamoeba species in oceanic bottom-sediments and demonstrates that

such amoebae are potential residents of the ocean when bacteria, .

. including the coliform group, are available as a Source of food.
Methods

Sedlment samples in or distant from the Phlladelphla-Camden ac1d
or sewage dump-51tes were collected during 5 separate EnV1ronmental
Protectlon Agency cruises (Table 1) A total of 177 sediment sub-
.samples were taken aseptically from bottom grabs made with a Smith-
-'_ﬁclotyre sampler.r Subsamples were transferred to sterlle 60-mm plastic

:fdishes ahd.stored on ice until processed in the 1aboratory. A total

of 36 subsamples were made in the New York . Blght apex durlng 3 cruises

" with personnel from the Food and Druv Adm1nlstrat10n (Table 2] The

'f's'subsamples were taken aseptlcally_from bottom grabs made with a Ponar

“"f'grab sampler and stored on ice until processed. K total of 7 suB-'

“é.7samp1es vere collected from the St. Martins Rlver—Isle of Wight complex

;.durlng 4 sampllng trlps CTable 3) _ The samples were collected with a- .
'_Ponar grab sampler, or w1th an 1mprOV1sed dev1ce made up of a short

:';length of pipe attached to a wooden handle. The device was de51gned

'v'for use in shallow—uater stations whlch did not requ1re the use of a

7{-boat.
. Dishes contalnlng sedlment samples vere we1ghed before. and after

’-'transferrlng small amounts of sedlment to culture ‘dishes in order to

‘_'determzne the weight of sed1ment used in each culture. Culture
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procedures and media were the same as Qescribed previously by Sawyer
et al (1977). In some cases each Sediment was placed on agar media
made with distilled water and on media made with 1bw'salinityvriver
water (4 - 8 o/oo0) to estimate whether or not the composition of
culture media influenced the number of cultures that were positive'for
" amoebae. Occasionally 2 or 3 grab samples were taken from the same
Vstation_to estimate how frequently amoebae could be isolated from a
single location. All cultures were examined several fimes a.week to
check forAthé growth of amoebae and cultures which were negative after
2 weeks were discarded. Identifications based on cyst characteristics

were made on original cultures when only one species was present. Sub-

pure cultures and facilitate identifications.

Spec1es of Acanthamoeba that were identified as known pathogens

were grown at 40° C to confirm their ability to grow at temperatures

approximating or exceeding mammalian body temperatures. Selected strains

were donated to the Amerlcan Type Culture Collectlon, Rockv111e Maryland,

or to the Communlcable Disease Center, USPHS, Atlanta Georgia, “for

animal pathogen1c1ty tests. Amoebae which d1d not have the 1dent1fy1ng

characters for known species were studied further to determine if they

were new to science.

Sv

PN
-

. cultures were made when more than one species was present to obtain




Results

Twenty-two of 177 statlons sampled (12 percent) ‘in the offshore
'Phlladelphla—Camden dump-51te y1e1ded cultures of Acanthamoeba CTable 1),
1nc1ud1ng two pathogenlc species A. culbertson1 and A. hatchetti. It‘w
was of 1nterest to note that only 2 of 119 control stations ylelded
l-’amoebae wh11e 17 of 42 statlons An or near the sewage sp011 area were-
”p051t1ve. MOSt of the. stat1ons 1n the sewage ‘area which yielded

Acanthamoeba also were pOSlthe for’ e1ther fecal or non- fecal collform ;

bacteria (Table 4).“Positive cultures‘from'stations“identified as in- -
of'near<the_aéid—waste’site (3 of 16‘stations) were of intetest since

- celifofm bacteria,;if/;resent, were below:detectable limits with the;".
nethods employed' »The location of-aii stations sampled in'the vicinity
of the sewage dump-site is shown in F1g 1. Analyses of the data showed
that 40 percent of the sewage stat1ons ylelded Acanthamoeba in contrast
to less than 2 percent for the non—sewage statlons and 19 percent for
Athe acid-waste 51te.; ‘ »

Twenty—four of 36 ‘stations sampled (67 percent) in the New York

' ‘Blght apex (Tables 2 and S) y1e1ded cultures of Acanthamoeba 1nc1ud1ng

the two pathogenlc spec1es° Bacterlologlcal studles showed that 33 of

~~ the statlons were p051t1ve for non-fecal collforms and 23 of them were

'p051t1ve for..fecal- collforms, station locatlons are shown in Fig. 2.

In th1s sampllng area 29 of the 36 statlons were located in the sewage
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disposal site or in the closed area and 7 stations were not in close

proximity to either area; the bacteriological studies showed 6 of the

7 stations harbored coliforms. All stations sampled were located in

or near the area of the Bight apex that has been closed.to shellfishing

__and none of them cou1d~be considered as control stations. f

Twelve of 19 stations sampled (63 percent) in the St Martins- Isle

‘-T_f of nght Bay complex ylelded cultures of Acanthamoeba, 1nc1ud1ng the

" two pathogenlc speC1es and one new spec1es (Lewis and Sawyer,‘ln press).

o The r1ver—bay system (Flg. 3) had Vfry few characterlstlcs in common

w1th the ocean-dumping statlons other than belng recognlzed as a

polluted env1ronment whlch has been closed to the harvestlng of

4 ~she11f15h.' AlY of the stations ranged from only 1 to 9 feet in depth

from 0 to 30 o/oo sallnlty, sediments ranged from foul ~black muds to
clean ‘sand. The 6 stations located in the Isle -of W1ght Bay.were sampled
in from 1 to 3 repllcates to y1e1d a total of 25 subsamples and only 2.

of them were p051t1ve for Acanthamoeba In contrast to the bay statlons,

'. the 13 river statlons were sampled to y1e1d 52 subsamples of whlch 30

(60 percent) were positive for the amoebae._,"

Comparatlve analyses of data from the 3 dlfferent collectlng 51tes

' supported one 51ngu1ar1y 1mportant hypothe51s,'1 e., the presence of

pathogenlc or non-pathogenlc spec1es of Acanthamoeba depends, in part
~on the ava11ab111ty of sultable bacterla as food organlsms. The =

requlrement for such food sources is met, in part by the 1ntroduct10n

L of sewage—aSSOC1ated bacterial species. The recovery of amoebas from
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sedlments that are not 1mpacted by sewage addltlons “appeared to depend
:on the presence of bacterla which occur naturally as a consequence of -
- natural blogenlc decay of organic materlals, a phenomenon that is
‘enhanced art1f1c1a11y by the 1ntroduct10n and decay of sewage-related

mater1a15,,7
~Discussion’

The de51gn of our studies had a twofold purpose, \1) to demonstrate
.'that the ocean dlsposal of barged sewage wastes alters the natural
-”dmlcroblal flora of the seabottom in such a way as to enhance the
;.recovery of pathogenlc and non—pathogenlc amoebae from 1mpacted
'bcollect1on 51tes, and (2) to show that the,dlstrlbutlon of such amoebee
in thedmarine-environment depends on.the presence'of.an adequate supply
of bacterial food organisms whether or‘not Sucﬁ_bacterie_are essociated.
Vw1th sewage 1nput. | | | | | o
The recovery of pathogen1c and non- pathogenlc specles of Acanthamoeba
tifrom the marlne enV1ronment, and the Ielatlonshlp of the1r dlStrlbutlon
" to the ocean disposal of sewage sludge was observed more prec1sely in
.i_the Ph11ade1ph1a—Camden study area than 1n the New York sewage dump 51te
"’:or the St. Martlns Rlver-Isle of W1ght Bay complex.} The d1str1but10n of
: fecal and non fecal collfbrm bacterla 1n ‘sediments from the offshore
' study area showed prec1sely that such bacterla were 1ntroduced in the
sewage sludge>and not by potent1a1 run-off From mun1c1pa1 discharges.

In contrast, the New York Bight apei study area showed distribution_
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patterns indicative of bacterial iuput from both sewagé sludge and

: municipal discharges."Thus, many stations in the ?hiladelphia-Camden

A.area ceuld be cousidered'suitable as control sites while nene of theé

| stations»in the-Bight_apex were suitable ae centrole. Both dump-sites

" were'similer wlth reepecf_to ealinify'in the seneeAfhat fhef were not

;ﬂsubject to dilution_by freshuater ruuw-off}i'Theist. Martins River-lsle.
'-f of.wight cempleﬁ'urovided parameters'for analyses that were not preeent
ir:in:the ocean. stations: ‘(l) it was not impacted by sewage slu&ge deposited
L[;uy-bafges,'(Z)vwater depth rehged from only 1 io 9 feet in ‘depth, (3)
:'.certa1n stations were 1mpacted by re31dent1a1 or commercial pollution,

' (4) stat1ons ranged from salt marshes to polluted muds, and () hlstorlcal

records showed that_fecal cqllformS'and very low>1evels of‘dlssolved g

oxygen were found in the low salinity to freshwater uppermost stations.

Cumulative data derived from the Philadelphia-Camden and New York

‘-_'Bight study areas showed that less than 2 percent of the non-Sewegeb

impacted samples (2/119) yielded cultures of Acanthamoeba. In marked

",contrast, 54 percent of the sewage 1mpacted ‘stations (40/74) were
; p051t1ve for the amoebae. The results are remarkable since ‘the ameunt _'
'--of sed1ment 1nocu1ated onto agar plates seldom exceeded 0.5 g in weight.
When the vastness of the seabottom and the w1de distribution in station
'ilocet;onr1s taken 1ntouaccount,.1t is apparent fhat our approach is
o extreuely-conéefvative. Regardless of sa11n1ty, water depth, colifofm

‘ bacterla, etc., 58 of 232 stat1ons (25 percent) were p051t1ve for one or -

. more species of Acanthamoeba.
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Characteristics of the Philadelphia-Camden Dumping Grounds. The

sewage disposal site situated 40 miles offshore from Maryland, Delaware,

~ and New Jersey has been utilized oﬁly since 1972; "In contrast to the

ds11ty sludge.‘_Thus,vthere does not yet appear to be an exten51ye sludge

New York Blght apex statlon which has been used for over 40 years this-

site rarely yields bottom sed1ments which unlformly are made up of black

"blanket" overlaying the bottom sediments. Furthermore, fecal and non-

fecal coliform sediment MPN's vary from less than 2 fo over 300 bacteria

':'suggestlng that ‘such sewage contamlnatlon is erratlc as a result of the

"youth" of the dump 51te. In this study area hlgh bacter1a1 counts durlng

one crulse may have reflected recent dump1ng act1v1ty, and low counts

. obtained durlng other cruises may have reflected differences in the

: _dlsper51on patterns of settled sewage. In sp1te of differences 1h

- . sediment character1st1cs and the numbers. of countable coliform bacterla,

‘a very h1gh rate of recovery for Acanthamoeba spec1e5 was recorded for

the area. 1In the inmediate V1c1n1ty of the dump-site bottom, bacter1o—";

© gical studies.and stodies on the presence of amoebae indicaie that sludge -
'may_have.5pfead to fhe'northeast and southwest'of'the dump-site. In
»Hcontrast, other-stations situated some distance from the sewaée'site :
Vdconsiscentlj'ﬁere‘ﬁegative for coliforms‘and :afely yieldedlcultures ofi

- the amoebae.-

Characte%istics of the New York"Bight Apex Dumping Grounds. The

4 3.

sewage dlsposal 51te 51tuated approx1mate1y 12 miles from the shores of

Long Island Sound, New York has been used for sludge dumping for about
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40 years. VBottoﬁ sediments taken froh the site have no.resemblance to
naturglly occurring seabottom and have been described as having the
' appearanee_of ""black mayonnaise." Fecal coliform‘sediment MPN's ranging
tobseveral thousand are not unusual Measurable amounts of the human
fecal’ sterol "coprostanol“ also are present throughout the area that is
. 1nf1uenced by barged sewage sludge. Shoreward in a11 d1rect10ne from
the dump 51te varylng numbers of coliform bacterle are present in sedlments
as a result of land- based sewage dlscharges. _Acanthamoeba routinely was
'1solated from the dump -site and from stations 51tuated between the s1te
Aand the adJacent shorellne.- In marked contrast, 51m11ar amoebae rarely
" were obtained from sediments shoreward from the Phlladelphla-Camden

d15posa1 site.

Characteristics-of the St; Martine.River-Isle of Wight Ba} Coﬁpiex.
The r_‘ive_r—hay- complex which runs inland from Oceen City, vMaryl.and was
selected for Stuﬂy beeaose it represented a system that is used
-extensively'for recreational, residential, industrial, and agrieulturél
purposes. The-most inland stations thatvwere sampled were in or near R
the town of B15hopv111e where the rlver is con51dered to be hlghly |
R polluted and subject to concern by state health personnel. Statlons_.
dowhrlver from B1shopv111e as the river empties into the Isle of Wight
:__Baf ﬁere bor&ered by farhs,rfeéidential comﬁuhities,Asalt marshes, év
deadfend canal at Ceean_Pines, etc. Additionally, statiohs>a1ong the]

" selected transect represented a full range of salinity from oceanic to



[N

R Bab A

[N

- 11 -
braekish or freshwater and”sediments ranged from foul, black mud to

clean mud or sand. The study area, elthough not impacted by sewage-

" sludge dumping practices, was chosen to provide an inland study area
. with known pollutants, inciuding fecal coliform bacteria which,

theoretically, could be associated with the presence of Acenthamoeba..g

Thus, the river-bay system was studied to determine whether point sources

of pollution could be identified as'eources for amoebae.which might be_'

 flushed downriver and seed the coastal marine seabottom.

General Conclusions. The first report of the preSehce of potentially

pathooenlc A. culbertsoni . from the marine environment (Sawyer et-al, 1977)

suggested that there mlght be a cause- and-effect relatlonshlp between

the ocean dlsposal of sewage wastes and the 1ntroduct10n of sewage- .

associated pathogenic protozoans into otherwise clean bottom sediments.

._Such a reletionship must be studied further because barged sewagevsludge

~ has not been examined for the presence of the amoebae or their resistant

cyst stages.. Our extensive survey data clearly demdnstrate,‘_however,'

- that there is a high correlation between the presence of fecal and non-
: fecal coliforms 1n bottom sedlments and the successful 1solat10n of

. Acanthamoeba from the marlne and freshwater env1ronments. Thei<

”7 Ph11ade1ph1a—Camden sewage dlsposal 51te ‘may be con51dered as a geographl—

cal source for Acanthamoeba since it is approxlmately 40 miles offshore

| and 40 percent (17742) sewage-assoc1ated sedlment samples ylelded the

amoebae. In contrast,vless than 2 percent (2/119) of the stations



' was confirmed by the- fact that in the New York stations 92 percent .

PR
sampled from the pefiphéry of the dump-site to'iess than 1 mile from"‘
shore yielded cultures of amoebae. Itbis evident from studies in.the
Phlladelphla—Camden area that sewage-lnduced bacterlal loadlng of the :
’ seabottom has'measurable effects on the distribution of Acanthamoeba
~ in the seﬁ. | | . |
: >Coné1usiOn§ based on the findings in fhevPhiladelfhia~Camden
 "dumﬁ site have been c0nf1rmed by further studles made 1n the New York
‘Blght apex near New Jersey and New York. - Th1rty—s1x statlons that were
‘sampled either in the dump—slte or in adjacenflwaters that have Eeén
’ §105§& to shellfishing.yielded a 67 pefcent recovery of'Acanthémoéba

o (24/35 stations). Thc assoc1at10n of Acanthamoeba w1th collform bacterla

>(33/36) of the stations harbored non-fecal coliforms, and 64 percent.
7(23/36)‘harbored fecal coliforms. Bacteriological studies showed that

coliforms were widely‘distributed in bottom sediments that were taken

1  shoreward from the dump—51te.

esults of the study in the St Mart1ns Rlver Isle of nght complex,
aiﬁhpugh obtalned in an.entlrely dlfferent ecosystem_from that of the
-Sewage duﬁp-sites, suﬁported our hyfothesis that bacteriaivloading
influenéed'the freQuency Qith which Acanthamoeba could ﬁe feqovexea'frqm
'bdt;om.sediments;f Culture studies showed that the ffesence»of the
.emocbas was indeféﬂdent of_water'depth,_salinity,vand sediment'ﬁharacter-
fistics,f.The;gludies showed, however,.that sedimen£s which yielded thej
amdebé most frequently werévthose tﬁaf'were‘invclosé froximity to sources

of human and industrial activity.
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. The final, and most important,vconclusion to be reached from‘our
studies concerns the fact that the presence of-Acanthamoeba in the
coastal or oceenie environment does‘not-depend eXclusivelylon the
introouctiom of‘bactemia—laden sewage slmdge.-;bevis1et a1’(1978)

isolated amoebae from waters of the open oceaneend found that species

of Acanthamoeba were among the most frequently isolated organisms of

e the~identifiab1e _protozoa encountered in their study ' Superf1c1a11y,

-the data suggest that spec1es of Acanthamoeba appear to be among the
most common inhabitants of the marine enviromment. Rather curlously,
' however, among the 76 spec1es of marine amoebae 1ncluded in a

recent. key to the marine amoebae (Bovee and" Sawyer 1979), and among

the 13 spec1es 1solated by Davis et al (1978), only members of the genus

.:Acanthamoeba are known to form resistant cysts. Thus, it is possible
that a culture which yields Acanthamoeba may have originated from a single

cyst and prevalence or frequency data would not serve as an indication

“of the ebundance or populafion density of Acanthamoeba. There remains

; a Ver&:important requirement that known emounts of bottom sediment of
Seeweter be analyzed toodetermine howvmany.of'the.emoebae are mreeent :
per'uhi§ of weight of sedimemt or volume of seawater.m There appears to’
be very.litfle doubt that population densitiesemill be defermined,'in or
part, By thevextenf of bacterial loading.in”the fest‘sampie;‘

;__ VSummarz
1. Pathogenic or non—pathogenic species of Aeanthamoeba may be

"~ isolated from bottom sediments, the open ocean, and the nearshore

" environment. o o o
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| 2. The oppoftunity or chance of obtaining p;sitiVe cultures
depend; oniihe presence of resistant cyst stageé‘in the sample, or on
the présencé of suitable bacteria that provide é source pf food.
S.Z.The disposal of barge-delivered Sewage'waéte§ in the marine

éﬁ&ironmént intrdduces fecal coliform ﬁécteria into marine ecosystems
,which; othéfwise; wou1&‘hafbor éniy naturally—occurfing marine species.."

' ;4.’:It is not yet knowﬁ whether Acanthamoeba species are ﬁresent
uih bérge;deliféréd Sewage‘Wastes,‘of whether bécteria present in the
'wastébméterial‘encourage the growth of protozoan sﬁeciés to lgvéls which
-exceed-ﬁaturéliy;occurriﬁg ambient levels. o

-',‘5.' Most of the well known species of Acanthamoeba are not llmlted
'1n thelr dlstrlbutlon by factors such as salinity, water depth, and _
_sedlment characterlstlcs. |

' -6.‘ Marlne habltats wﬁlch harbor fecal collform bacteria have a 50
: perpent.or better_chance of harboring Acanthampeba than those which are
not imﬁaéfed byisewage-disposal practicés. - |
7 <7;( Sevérai speciés of'Acénthémoebé-th¢h thfive at:mammalian body .
- temperatures and are known. to céuée diSeasé or death in iaboratory
" animals and man were 1solated from each. of the 3 areas employed in the
'.present study. |
8. The- Phlladelphla—Camden sewage dump-site 51tuated 40 m11es

" from shore harbors geographlcally ‘isolated spec1es of Acanthamoeba which

L

' rarely are found at ‘shoreward statlons whlch do not yield countable

-numbers of coliform bacteria.
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9. Spécies of Acanthamoeba may prove to be of equal or greater

value than coliforms for measuring the persistent effects of unnatural

" loading of the marine environment by bacteria.

10. Less than 1 gvof sediment was used for isplating Acanthamoeba.

- Further studies with 1afger amounts of sediment are likely to show that
" the amoebae are considerably more prevalent in the ocean than is.

. documented in our report.
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Table 1. Summary of Environmental Protection Agency Cruises to’
Philadelphia-Camden Sewage Disposal, Ac1d-Waste and
Control Stations! :

‘Name of -  _ - Control Acid-Waste. Sewage = Total No.

Cruise - Date . Stations . Stations = Stations Positive.Stations2
' RIDGERUNNER ~Apr 1978 1/60 . = 2/7 4/14 . - 7/81
' DEKKO - Aug 1978 15 - Cwya 29
. HELMALEE - | :Sep 1978 0/18  o/4 o 4/9 - 4/31
FDAS | Oct 1978 0/7 - . . 1s 112
ENFIN - Apr 1979 0/29 1/5 7/10 - 8/44
-~ Totals - -2/u9 '_ 3/16 - 17742 - . 22/177

: }_‘1 No. Stations Positive for Acanthamoeba/No. Stations Sampled

2 No. Stations Positive for Acanthamoeba/No. Stations with Coliform
Bacteria = 10/20 excludlng DEKKO for which bacterlology was not done.

3 _FDA CIUISB - a cruise made outside of the establlshed sewage disposal”
site for purpose of determining horizontal spread of sewage as
1nd1cated by fecal and non-fecal collform counts.

"



Table 2. Summary of Cru1ses in New York Bight Apex Within or Near
' Area Closed to She11f1sh1ng.1

No. Samples in No. Stations Total No.

Trip.No; " Date Closed Area - Outside of Positive Statlons2
N : S Closed Area :
1 . Juliers s/8 - 5/8
2 - Dec1978 35 2/ . s/10
3 Jun1979 . 1316 12 - 1418
- Totals =~ 21/29 307 . 24/36

1 No. Stations

2 No. Stations
and Coliform

>

Positive for Acanthamoeba/No. Stations Sampled.

Poéitive for Acanthamoeba/No. Stations with Acanthamoeba
Bacteria = 22/24.



Summary Data from 4 Collecting Trips to the St. Martins

Table 3.
~ River-Isle of Wight Bay Complex.1
Station " Type of PositiQé or Negative No. Positive/
Numbetr Station?2 for Acanthamoeba No. Replicates
1 3 ~Pos. 1/3
2 1 Pos. 2/4
3 2 Pos. S5
4 .2 , " Pos.. 4/4
5 2 Pos. 2/4
; éA. 3 Pos. 1/5
7 3 Neg. - 0/s
8 '3 Neg. o/4
9 2 " Pos. 3/5 -
10 1 Pos. 2/5
1 1 ' Neg. o1
12 | 1 | pos.  - 1/4
C13 1 - Pos. 4/4
e 1 .Nég.- it»0/4 -
) 15 - 2 ?os; . '_.4/4,
16 2. Nz - o/4 ﬁ
:: 17 2 1*pog. o 3/4
18 3 Neg. 0/4
19 I | " Neg. : 0/4

1 Summary of“4 trips - 19 stations with 77 subsamples (See below).

2 Type 1 - more than 3 miles from Blshopv111e, MD - 4/6 p051t1Ve,

9/22 replicates .

Type 2 - within 3 miles of BlShOPVllle, MD - 6/7 positive; 21/30

replicates

Type'S - Isle of Wight Bay, MD - 2/6 positive;

2/25 replicates.



Summary of Environmental Protection Agency Stations Positive

coliform bacteria

Table 4.
for Acanthamoeba With or Without Countable Coliform Bacteria.
Cruise 7 . Station No. Total Coliform ' Fecal Coliform
Name Date and Typel' - Count Count
RIDGERUNNER - Apr 1978  NB-1 (1) <10 <10
w0 e 11 (3) >230 >230
o A 206 (3) 160 - >230
o o 407 (2) <10 <10
_t " 44 (2) <10 < 10
" " 420 (3) 22 51
oo " 423 (3) 22 91
DEKKO * Aug 78 206 (3) N.D. N.D.
L. o 33 (1) “N.D. N.D.
" HELMALEE Sep 78 1K3 (3) 120 91
Ly on 423 (3) 22 10
" R CE ) < 10 <10
u " 2 (3) <21 <21
FDA “oct 78 97 (3) 2400 .33
ENFIN Apr 1979 2 (3) 77 < 37
o " 20 (2) <37 < 37
" " 203 (3). 37 < 37
S "o 210 (3) 37 < 37
" " 211 (3) < 37 <37
" O E-18 (3) < 37 <-37
" . E-12 (3) <37 < 37
" " 206 (3) < 37 <37
_1 (1) = Control Statlons, 2/119 p051t1ve for Acanthamoeba; no coliform
bacteria .
(2) = Acid-Waste S1te, 3/16 positive for Acanthamoeba, no col1form
bacteria :
(3) = Sewage Dump-site, 17/42 p051t1ve for Acanthamoeba, 10/17 w1th



Table 5. ~Summary of New York Bight Apex Stations Positive for
Acanthamoeba With or Without Countable Coliform Bacteria

- Station No. . Total Coli- Fecal Coli-
Date - and Type1 o form Count ~ form Count
CJul 19782 2 (pS) . | 170 . C < 20
' -3 (DS) ' 78 . 45
4 (BS) -~ 160,000 _ 3,300
5(S) - 4,600 ~ 700
6 (DS)y - 460 : 40
Dec 19783 2 (DS) .20 . 37
- 4 (@S) . > 17,000 . 270
5 (DS) ‘ 630 3T
6 (CA) 630 37
10 (CA) - . 630 - 37
Jun 1979% 53 (cA) 49 4.5
, . 62 (CA)-T . 4.5 < 2
103 (OCA) < 2 < 2 N
104 (cA) < 2 < 2
754 (CA) 13 <2
756 (CA) : 79 6.8
757 (CA) , 13 <2
- 761 (CA) _ 14 <2
764 (CA) - 7.9 2
765 (CA) - 33 . o 2
791 (CA) 4 . <2
792 (CA) 330 R 6.8 .
1385 (CA) _ 2 2

1 (DS} - Sewage dlsposal site (8/24) S :
- (CA) - Not a disposal site but closed to she11f1sh1n {15/24)
'»(OCA) - Out51de of closed area (1/24) :

_ 2 F1ve of elght stations ylelded amoebae, 8/8 stations p051t1ve for
coliform bacterla. : - .

3 Flve of ten stations ylelded amoebae, 10/10 stations p051t1ve for
) collform bacterla. :

4 'Fourteen of eighteen stations yielded amoebae; 15/18 stations positive
for coliform bacteria; 12/14 stations positive for amoebae also
positive for coliform bacteria and 3 stations positive for collforms_
but negative for amoebae. :



Fig. 1. Representati:ﬁe stdtions sampled for Acanthamoeba L
during 5 EPA-FDA cruises td the Philadelphia-Canfden dump—site. e e
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Fig. 3. St. Martins River-Isle of Wight

Bay complex. ..
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